The high-pressure electronic structures and the phase stability of MnO and FeO were studied with the first-principles plane-wave basis pseudopotential calculations based on generalized gradient approximation (GGA) supplemented by the LDA+U method. The present calculations account well for the properties of MnO and FeO especially in the high-pressure region. Our results predict that the high-pressure phase of MnO should take the normal NiAs (nB8) structure rather than the CsCI (B2) structure. A very unique antiferromagnetic (AF) inverse B8 (iB8) structure rather than the nB8 structure is predicted as the high-pressure phase of FeO. Moreover, this AF iB8 structure with the stoichiometric composition should be a band insulator even under high-pressure.
Introduction
There has been intensive interest in the study of the high-pressure behavior of the metal monoxides with the rock salt structure (B1) at normal pressure and room temperature, because MgO and FeO are considered to be important constituents of the Earth's deep mantle. Almost all of the alkaline-earth metal monoxides undergo a phase transition from the B1 to B2 (or distorted B2) structure under high pressure, except MgO, for which no phase transition has been observed up to 23OGPa [1] . However, transition metal monoxides (TMMO) behave rather differently from alkaline earth monoxides, because TMMO are typical examples of the Mott insulator and their basic properties are governed by the electron correlation. As the d band width is most directly controlled by pressure, the high-pressure studies of TMMO have been regarded as a useful way to understand their basic properties.
For the low-pressure region, an AF rhombohedrally distorted B1 (rBl) phase (compressing for MnO and stretching for FeO along a body diagonal of the rocksalt cell) is observed experimentally when temperature is decreased below the Neel temperature. Under highpressure, a recent shock compression experiment on MnO showed the existence of a possible high-pressure phase above 9OGPa [2] . Subsequent static compression experiments at room temperature reproduced the phase transition [3] , but the x-ray diffraction cannot give us an unambiguous answer about the crystal structure because of the limited range of diffraction angle and moreover multiphase coexistence. However, this high pressure phase has been predicted to have the B2 structure by extrapolating the curve of the transition pressure versus cation radius [2] .
In the case of Fe1-xO, shock compression experiments indicated the existence of a high-pressure phase transi-tion at about 7OGPa [4, 5] , though the static compression experiments in the diamond-anvil cell did not detect this phase transition up to 12OGPa at room temperature [6] . Metallic behavior of Fe1-xO has been observed under static pressure at elevated temperatures [7] and also in shock resistivity measurements [8] , around the pressure range at which the phase change was observed under shock compression. This high-pressure phase of Fe1-x0 was recently assigned to be the B8 by the analysis of x-ray diffraction peak positions [9, 10] . On the analogy of most of the transition-metal compounds with the B8 structure, a natural idea for the B8 (NiAs) FeO may be such that Fe occupies the Ni site and O the As site. This structure is named nB8 for short hereafter. However, another structure, which is named iB8, is possible by exchanging the Fe and O positions. The iB8 structure was mentioned only very briefly in the work by Cohen et al. [11] in the context of magnetic moment collapse without any judgement on the relative stability between the nB8 and iB8 structures.
Recent progress in the first-principles density functional calculations enables us to give valuable hints to such problems as those mentioned above. In the next section, the details of the calculation methods will be described. The results and discussion will be given in Section III.
Calculation Methods
In this work, the high-pressure electronic structures and the phase stability of MnO and FeO are studied with the first-principles calculations based on the density functional theory. The plane-wave basis pseudopotential method is used to perform the structural optimization efficiently. The 2p states of oxygen and 3d states of Mn and Fe are treated by the Vanderbilt ultrasoft pseudopotential [12] . The cutoff' energies for the wave functions and charge density expansion are 36Ry and 200Ry respectively for all calculations. The sampling of k-points gives the absolute total energy convergence to better than lmRy/fomular unit. Moreover, note that the convergence in the relative energy between different structures is generally order of magnitude better than the convergence in the absolute total energy.
The electron-electron interaction is treated by the generalized gradient approximation (GGA) [13] like in other similar calculations [14, 15] . For systems where the electronic states have localized natures, the GGA gives much better results than the simpler approximation called LDA (local density approximation). However, the GGA is not yet powerful enough to treat the strong correlation system such as Mott insulators. Therefore, the GGA calculation is supplemented by the LDA+U method [16] with the LMTO (linear-muffin-tin orbital) basis [17] particularly in the low pressure regime where MnO and FeO are regarded as Mott insulators. In this LDA+U method, the interaction between localized d electrons is explicitly taken into account through the screened effective Coulomb interaction parameter Ueff. We should note that all of our calculations are for stoichiometry materials at zero temperature.
Results and discussion
With the approximations mentioned above, highly converged total energy calculations are performed for different crystal structures (B1, B2, nB8, iB8) and spin structures (AF: antiferromagnetic, FM: ferromagnetic, NM: non-magnetic) for different pressures. In order to check the accuracy of GGA, we show in Table the calculated equation-of-state parameters and the magnetic moment in the AF rBl phase of FeO and MnO together with some experimental results. We can see a good agreement between the theoretical and experimental results. The present calculation can predict the sign of the rhombohedral distortion (compressing for MnO and stretching for FeO) correctly. Moreover, the calculation correctly shows that the two kinds of distortion will both be enhanced with increase of pressure. Figures 1 and 2 show the calculated total energies versus volume for MnO and FeO with different structures. In order to avoid confusion, only the important phases are presented here, though more phases have been treated. From Fig. 1 , we can see clearly that the most stable phase of MnO at high pressure is the nB8 structure rather than B2. A first-order phase transition is expected to occur from the insulating rBl structure to the metallic nB8 structure. Detailed comparison of the total energies for the FM and AF orderings predicts that the FM nB8 structure has the lowest energy rather than the AF nB8 structure though the energy difference is rather marginal. This theoretical prediction can explain the recent experiment [3] on MnO in a high pressure range (> 120 GPa) very well. The assignment of the experimental x-ray diffraction pattern by the nB8 structure can give an almost exact fit of peak position and also a good agreement of the intensity profile (not shown here). Experimentally, the high-pressure nB8 phase of MnO seems not to be realized directly from the low-pressure AF rBl phase, probably because the transition from rBl to nB8 requires significant rearrangement of atomic position [3] . There may be some intermediate-pressure phases. One such possibility is the magnetically collapsed rBl structure. The present theoretical calculation predicts that the critical pressure from high-spin AF rB1 to low-spin rBl is about 100GPa. We have also performed similar calculations for FeO (shown in figure  2) . and more stable than the iB8 structure at normal pressure. On the other hand, for a compressed volume with experimentally determined lattice parameters [9] , the same calculation still makes the iB8 structure most stable. Therefore, the puzzling feature of Fig. is removed by the electron correlation effect. There is another strong evidence for the iB8 structure as the high-pressure phase of FeO. We have found that the intensity profile of the observed x-ray diffraction pattern [9] can be reproduced only by the iB8 type but not by the nB8 type. To be more concrete, we consider the relative intensity between (100) and (101) peaks as an example. Experimentally, the latter is stronger than the former. This feature is correctly reproduced only by the iB8 structure.
